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(54) BASE MATERIAL PROVIDED WITH HIGHLY DURABLE PHOTOCATALYST FILM AND 
PRODUCTION PROCESS OF THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a base material provided with a highly durable 
photocatalyst film which concurrently has photocatalytic activity, wear resistance and a 
chemical resistance by setting the ratios (wt.%) of the contents of the constituents, i.e., Zr02, 
Si02 and crystalline Ti02 in the photo catalyst film to values within specified ranges, 
respectively. 

SOLUTION: This base material is provided with a photocatalyst film formed by coating the 
surface of the base material with a coating liquid that is obtained by dispersing Ti02 crystals 
into a coating film forming component comprising Zr02 and Si02, wherein, in the photocatalyst 
film, the content ratio of the constituent Zr02 used in the form of zirconium chloride, zirconium 
oxychloride, a chlorine-containing zirconium alkoxide, or the like, is set to 25-60 wt.%; the 
content ratio of the constituent Si02 used in the form of an alkoxysilane such as 
tetramethoxysilane, tetraethoxysilane, methyltrimethoxysilane or methyltriethyoxysilane, is set 
to 1 5-50 wt.%; and the content ratio of the constituent Ti02 crystals is set to 25-45 wt.%. Thus, 
the objective base material provided with a highly durable photocatalyst film which concurrently 
has photocatalytic activity with respect to antifouling properties, hydrophilicity, or the like, wear 
resistance and chemical resistance, can be produced. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



file://C:¥Documents and Settings¥oonishi¥My Documents¥JPOEn¥JP~A-2001-7..„ 2008/05/09 



JP-A-2001 -70801 



2/10 -J 



[Claim(s)] 

[Claim 1]It consists of that by which a Ti0 2 crystal was distributed in a film formation ingredient 

which photocatalyst membrane formed in a base material surface becomes from Zr0 2 and Si0 2 , 

and a rate of content of each ingredient of this film is weight % conversion, A substrate with high 
durability photocatalyst membrane with which Zr0 2 is characterized by a Ti0 2 crystal being 25 

to 45% by Si0 2 15 to 50% 25 to 60%. 

[Claim 2]The substrate with high durability photocatalyst membrane according to claim 1, 
wherein the total quantity of content of Zr0 2 , Si0 2 , and a Ti0 2 crystal is what consists of 90 % 

of the weight or more. 

[Claim 3]The substrate with high durability photocatalyst membrane according to claim 1 or 2 
whose thickness is 50-300 nm. 

[Claim 4]After applying to a base material surface coating liquid which consists of each raw 
material of Zr0 2 , Si0 2 , and Ti0 2 , a rate of a tunic presentation by performing heat treatment 

(300 ** - 700 **) by weight % conversion. In Zr0 2 , Si0 2 25 to 60% 1 5 to 50%, A manufacturing 

method of a substrate with high durability photocatalyst membrane forming photocatalyst coating 
by which a Ti0 2 crystal was distributed into a film formation ingredient which a Ti0 2 crystal 

becomes from 25 to 45%, and becomes from Zr0 2 and Si0 2 . 

[Claim 5]A manufacturing method of the substrate with high durability photocatalyst membrane 
according to claim 4, wherein mean particle diameter uses for a raw material of a Ti0 2 crystal 

Ti0 2 crystal particles which are 20 nm or less. 

[Claim 6]A manufacturing method of the substrate with high durability photocatalyst membrane 
according to claim 4 or 5 using a chloride or a nitrate of Zr for a raw material of Zr0 9 . 



[Translation done.] 
* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a substrate with high durability photocatalyst 
membrane which has an antifog function, an antifouling function, and a visibility improvement 
function by hydrophilic nature, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]These days, goods with the hydrophilic nature by the photocatalyst 
effect of titanium oxide, fog resistance, and antifouling property are developed variously, and it 
applies also for many patents. 

[0003] For example, although heat treatment at ordinary temperature or low temperature also has 
an advantage on which photocatalyst activity is demonstrated, the tunic system which combined 
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Si0 2 which is a hydrophilic substance as photocatalyst semiconductor crystal particles (for 

example, Ti0 2 crystal particles) and a binder, Since there is no alkali resistance in the Si0 2 itself, 

if the alkali resistance test of a statement is done on A of JIS R3221 (heat reflective glass) 
which is one of the evaluations for using for the window material of a building, for example, Since 
a film exfoliates [ whether a crack sticks by eradication, and ] after an examination, it cannot use 
for the part which requires such endurance at all, but when there is still more content of Ti0 2 

crystal particles, although it is high, the problem that abrasion resistance is inferior produces 
photocatalyst activity. 

[0004]The hydrolyzate and Si0 2 of Ti(OC 3 H 7 ) 4 are combined without using Ti0 2 crystal 

particles, Although endurance has comparatively an advantage which becomes high compared 
with the above-mentioned tunic system, the tunic system which performs heat treatment of 
about 600 ** and deposits a Ti0 2 crystal in a film does not have alkali resistance in the Si0 2 

itself like the above-mentioned tunic system, and has the problem that endurance is inferior. 
[0005]In order to improve the aforementioned chemical resistance, a mechanical strength, etc., 
for example to JP,9~328336,A. Mean particle diameter Ti0 2 particles, and the 

zirconiumtetraalkoxide and zirconium acetylacetone chelate compound below 100 nm, Zr element 
content compounds, such as zirconium alkoxy acetylacetone chelate compound and a zirconium 
acetate compound, an alkoxy silane compound, and a chlorosilicane compound, The 
manufacturing method of the constituent which has the photocatalyst activity which comprised 
composition ratio with specific Si-element content compounds, such as isocyanate silane 
compounds or those partial hydrolysis output, and the tunic is indicated, for example, to JP.10- 
216528A photocatalyst grains (titanium oxide), the silica generated considering a silicon alkoxide 
as a raw material, and the zirconia generated considering zirconium alkoxide as a raw material — 
on the other hand — or both being used as a binder and, When using both silica and zirconia for 
a binder, the device and heat exchanger fins using the photocatalyst body and it which made 
content of silica and zirconia the specific ratio are indicated. 
[0006] 

[Problern(s) to be Solved by the Invention]However, an invention given [ said ] in JP,9~328336,A, 
Ti0 2 particles : It is the range of Zr0 2 (weight ratio) =1:0.02 - 0.5, Zr element content 

compounds, such as a zirconiumtetraalkoxide, zirconium acetylacetone chelate compound, 
zirconium alkoxy acetylacetone chelate compound, and a zirconium acetate compound, are used 
for the source of Zr. Although zirconia content is 10 - 40wt% of a ratio at 60 - 90wt% and the 
silica content in a binder uses zirconium alkoxide for the source of Zr, an invention given in 
JP,10-216528,A, In order to use invention [ which ] as a window material for the exterior, it is 
hard to say that alkali resistance is enough. 
[0007] 

[Means for Solving the Problem]In photocatalyst membrane which makes this invention in view of 
a technical problem mentioned above, and consists of a Si0 2 , Zr0 2 , and Ti0 2 crystal, By limiting 

those ingredient ratios and containing many Zr0 2 to a Ti0 2 crystal especially. A substrate with 

high durability photocatalyst membrane with which photocatalyst activities, such as antifouling 
property and hydrophilic nature, and abrasion resistance and chemical resistance (acid 
resistance and alkali resistance) were compatible is obtained, For example, an alkali resistance 
test given in A of above JIS R 3221 (heat reflective glass) was also fully passed, and it found out 
that it was fully practical as a window material for the exterior. 

[0008]Namely, a substrate with high durability photocatalyst membrane of this invention, It 
consists of that by which a Ti0 2 crystal was distributed in a film formation ingredient which 

photocatalyst membrane formed in a base material surface becomes from Zr0 2 and Si0 2 , and a 

rate of content of each ingredient of this film is weight % conversion, Si0 2 is characterized by a 

Ti0 2 crystal being 25 to 45% by Zr0 2 15 to 50% 25 to 60%. 

[0009]As for the total quantity of content of Zr0 2 , Si0 2 , and a Ti0 2 crystal, it is preferred that it 
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is 90 % of the weight or more. 

[001 0]As for thickness of this photocatalyst coating, it is preferred that it is 50-300 nm. 
[001 1]A manufacturing method of a substrate with high durability photocatalyst membrane of 

this invention, After applying to a base material surface coating liquid which consists of each raw 
material of Zr0 2 , Si0 2 , and Ti0 2 , a rate of a tunic presentation by performing heat treatment 

(300 ** - 700 **) by weight % conversion. Photocatalyst coating by which a Ti0 2 crystal was 

distributed is formed into a film formation ingredient which 25 to 60% becomes in Zr0 2 , and a 

Ti0 2 crystal consists of 25 to 45% 15 to 50% in Si0 2 , and consists of Zr0 2 and Si0 2 „ 

[001 2]It is preferred that mean particle diameter uses for a raw material of a Ti0 2 crystal Ti0 2 

crystal particles which are 20 nm or less, and it is preferred to use a chloride or a nitrate of Zr 
for a raw material of Zr0 2 further again. 

[0013] 

[Embodiment of the InventionjThe substrate with photocatalyst coating with which the Ti0 2 

crystal was distributed in the film formation ingredient which consists of Zr0 2 and Si0 2 of this 

invention, After applying to a base material surface the coating liquid which consists of each raw 
material of Zr0 2 , Si0 2 , and TiC 2 , it produces by performing heat treatment (300 ** - 700 **). 

[0014]It is preferred to use the chloride or nitrate of Zr for a Zr0 2 raw materia! from endurance 

especially abrasion resistance, acid resistance, and alkali resistance, As a chloride of Zr, for 
example, a zirconium chloride and zirconium oxychloride (eight hydrates), Chlorine content 
zirconium alkoxide ZKOC m H 2rn+1 ) x Cl y (m, x, y: an integer, x+y=4) etc. can be used, and a 

oxyzirconium nitrate (two hydrates) etc. can be used as a nitrate of Zr. 

[0015]the Zr0 2 content in a tunic — more than 25wt% from alkali resistance and photocatalyst 

capability — although to contain is required, since abrasion resistance and/or photocatalyst 
capability will become scarce with more than 60wt% if too large, it is not desirable. The Zr0 2 

content in a tunic is more than 25wt% and less than 45wt% still more preferably. Since 
photocatalyst activity also improves by leaps and bounds when the addition of Zr0 2 is 25 % of 

the weight or more except that it follows on adding Zr0 2 and alkali resistance improves, it is 

desirable. 

[001 6] As a Si0 2 raw material, what is necessary is just what generates silicon oxide after final 

heat treatment, For example, a tetramethoxy silane, a tetraethoxysilane, methyl trimetoxysilane, 
The thing stable with stabilizing agents, such as alkoxysilane, such as methyl triethoxysilane, 
those hydrolyzates, a polycondensation thing, and an acetylacetone, Furthermore, the 
commercial silica drug liquid (made in Col Coat) P, for example, a col coat, MSH2 (made by 
Mitsubishi Chemical), CSG-DI-0600 (made by Chisso Corp.), etc. can be used, the Si0 2 content 

in a tunic — a wear-resistant point — more than 15wt% — although to contain is required, since 
photocatalyst capability and/or alkali resistance will become scarce if it carries out more than 
50wt%, it is not desirable. The Si0 2 content in a tunic is more than 25wt% and less than 45wt% 

still more preferably. 

[0017]As a source of a Ti0 2 crystal, what is necessary is just what includes a Ti0 2 crystal after 

final heat treatment, It is possible also for using Ti0 2 particles for photocatalysts or a drug 

solution of powder state which is marketed especially, and as Ti0 2 particles for photocatalysts 

of powder state, For example, ST-01, ST-21 (product made from Ishihara Techno), SSP-25, 
SSP-20 (made by Sakai Chemical Industry Co., Ltd.), It is possible to use PC-101 (made by 
Titan Kogyo K.K.), super Thailand Tannia F-6, super Thailand Tannia F-5 (product made from 
Showa titer NIUMU), DN-22A (made by FURUKAWA CO., LTD.), etc. STS-01, STS-02 (product 
made from Ishihara Techno), as a drug solution for photocatalysts, for example, It is also possible 
to use A-6, M-6 (made by Taki Chemical Co., Ltd.), etc., and ST-K01, ST-K03, etc. which are 
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the mixtures of the Ti0 2 particles for photocatalysts and a silica raw material (product made 

from Ishihara Techno) can be used further, more than 25wt% from a point of the photocatalyst 
capability which needs the Ti0 2 content in a tunic to reveal hydrophilic nature and antifouling 

property — although to contain is required, it is more nearly required for less than 45wt% than 
the point of alkali-proof and wear-resistant to stop content. 

[0018]The mixing operation generally used to distribute a granular material into a fluid, for 
example, a ball mill etc., can distribute to a tunic drug solution easily, and in that case, together 
with the source of Zr0 2 , or the source of Si0 2 , the Ti0 2 particles for photocatalysts of powder 

state are satisfactory, even if it mixes and distributes. 

[0019]The sum total of the content of Zr0 2 in a tunic, Si0 2 , and a Ti0 2 crystal needs to use 

more than 90wt% than the point of endurance, such as photocatalyst activity, abrasion 
resistance, acid resistance, alkali resistance. Even if ingredients other than Zr0 2 , Si0 2 , and a 

Ti0 2 crystal are contained in 10% or less of range, they do not interfere, Specifically, they are 

ion, such as oxides, such as amorphous Ti0 2 , other aluminum 2 0 3 , B 2 0 3 , and Sn0 2 , Cr ions, and 

V ion, C (carbon), etc. 

[0020]As for the mean particle diameter of Ti0 2 in the Ti0 2 particles for photocatalysts used as 
a source of Ti0 2 in a tunic, or a drug solution, it is more preferred than the point which improves 
the transparency of a tunic, and endurance to use 20 nm or less. 

[0021]Especially as a method for film deposition of high durability photocatalyst membrane, 
although not limited, membranes can be formed with general methods for film deposition, such as 
a dip coating method, a spin coat method, the roll coat method, a spray coating method, and 
screen printing. 

[0022]In order to raise the endurance of a tunic, final heat treatment is performed at the 
temperature of 300 ** - 700 ** after membrane formation. Desiccation at the temperature of 
200 ** or less and temporary calcination below final-heat-treatment temperature can also be 
performed before final heat treatment. As for the time of final heat treatment, it is desirable to 
make it time to be in the above (highest-heat-treatment-temperature-1 00 **) temperature 
become more preferably for more than 1 minute more than for 3 minutes. As for the maximum of 
productivity to heat treating time, although the thing in particular that the maximum in particular 
of final-heat-treatment time is not limited, and is heat-treated for 24 hours is not a problem, 
either, it is preferred to carry out time held at the above (highest-heat-treatment-temperature- 
100 **) temperature in about 2 hours. 

[0023]Although the tunic formed when the thickness of photocatalyst membrane was 30 nm to 
500 nm holds photocatalyst activity and high endurance, Since the high durability photocatalyst 
membrane which has good translucency and still higher endurance by one membrane formation 
by thickness being 50 nm - 300 nm more preferably is obtained, it is more desirable. The 
substrate should just be a material which does not deteriorate in heat treatments, such as glass, 
ceramics, and metal, and especially glass is preferred from the transparency and heat resistance. 

[0024]The substrates with high durability photocatalyst membrane of this invention are the 
purposes by hydrophilic nature, such as improvement in visibility, and antifouling, Have endurance 
sufficient also by the operating environment which requires endurance which uses photocatalyst 
membrane for the outdoor side, such as a window material of a building, a window material for 
vehicles, an exterior tile, and a face panel, hydrophilic nature, antifouling property by a 
photocatalyst, etc., and. Since the use of those other than outdoor usage is also provided with 
high endurance, the use, . Aim at the visibility improvement functional grant by the antifog 
function, an antifouling function, and hydrophilic nature, etc. For example, the object for 
construction, the object for vehicles or the window material for airplanes, the showcase for 
stores and various industrial window materials, Various mirrors, such as a door mirror for 
vehicles, and a mirror for bathrooms, and ceramics, such as an exterior tile, if it is a substrate 
which has the heat resistance of metal, such as aluminum and SUS, etc., it is possible to 
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resemble any substrates, and to form membranes and use for them, and since it excels in the 
antifouling function especially, it is suitable for the object for construction, and the window 
material for the exterior for vehicles. 

[0025]When a substrate is glass, a clearance, the other blue, and gray, The glass which bronze, 
green, etc. colored, and glass, such as wired sheet glass, Multiple glass with the glass which 
carried out the coat of the metal membranes, such as bending, half a little more tharHzed 
processing and strengthening processing, usual multiple glass, a Low~E film, Films, such as a 
metal membrane and an oxide film resin layer, are attached to the field of multiple glass, the 
glass laminate, the drilling process and photocatalyst membrane which put in gel etc. between 
glass, and an opposite hand on coats, such as vacuum evaporation, weld slag, a print, It does not 
care about combining various processings and them of processing the field of photocatalyst 
membrane and an opposite hand with etching, sandblasting, etc. 
[0026] 

[Function]The Ti0 2 crystal in the photocatalyst membrane of this invention, If the ultraviolet 

rays included in sunlight, a fluorescent lamp, etc. are irradiated, the organic matter which 
adhered to the tunic surface according to the photocatalyst effect will be disassembled, and 
while the operation (called an oxidative degradation type reaction) which keeps the surface of a 
tunic pure is shown, hydrophilization (called a super-hydrophilic nature type reaction) also of the 
Ti0 2 crystal surface is carried out. However, if ultraviolet rays are not irradiated in the case of 

the tunic of a Ti0 2 simple substance, even if hydrophilization is once carried out, it will return for 

a short time comparatively at the original hydrophobicity of Ti0 2 . 

[0027]So, in this invention, there are no ultraviolet rays, or in order to maintain hydrophilic 
nature also in the situation where ultraviolet ray intensity is weak, add Si0 2 excellent in 

hydrophilic nature, improve hydrophilic nature, and. While heightening the photocatalyst capability 
of a tunic by making a lot of water required for a photocatalyst effect adsorb, it has an effect 
which improves endurance, such as abrasion resistance. 

[0028] However, a tunic is carried out outside, endurance, especially alkali resistance run short 
using the use of the window material of a building, etc., and in order to improve this, Zr0 2 is 

added in this invention. In addition to an alkali-proof improvement, especially addition of Zr0 2 

also improves photocatalyst capability in this system. 

[0029]By considering it as the above tunic presentations, this tunic with photocatalyst capability 
High endurance, Even when it has especially abrasion resistance and alkali resistance, hydrophilic 
nature will be maintained by the surface of this tunic and dirt, such as exhaust gas and dust, 
adheres temporarily, a part for organicity is decomposed by a photocatalyst effect, and. Since it 
is hydrophilic nature, it is rain and pouring water artificially, and water pours in between dirt and 
the tunic surface, it flows and the tunic surface falls [ dirt floats, ]. As mentioned above, the 
photocatalyst coating of this invention has the outstanding hydrophilic nature and antifouling 
property. 
[0030] 

[Example]Hereafter, an example explains this invention concretely. However, this invention is not 

limited by these examples. 

[0031] 

[Example 1] [Sample production] In the source of Zr0 2 of a tunic drug solution, ZrOCI 2 (made by 

Kishida Chemical Co., Ltd.), In the source of Si0 2 , CSG-DI-0600 (made by Chisso Corp.), the 

source of a Ti0 2 particle, and the source of Si0 2 — ST-K01 (Ti0 2 :Si0 2 = — 8:2 weight ratio) 

Using the product made from Ishihara Techno, ethanol (made by Kishida Chemical Co., Ltd.) and 
1 -methoxy-2-propanol (made by Kishida Chemical Co., Ltd.) were used for the solvent, and it 
prepared so that a tunic ingredient ratio might become 30ZrO 2 , 30SiO 2 , and 40TiO 2 (wt%). Next, 

a 3-mm-thick float glass board (soda lime silicate glass) is used as a substrate at 100 mm x 100 
mm often washed in water, a detergent, and Seria, The coat was carried out using the tunic drug 
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solution with the spin coat method, and after putting into DK43 type air blasting constant 
temperature humidistat (made by Yamato Scientific Co., Ltd.) set to 150 ** for 20 minutes and 
drying, it put into FP41 type muffle furnace (made by Yamato Scientific Co., Ltd.) set to 650 ** 
for 10 minutes, and heat-treated. Thickness obtained the glass plate by which the tunic was 
carried out by 30ZrO 2 , 30SiO 2 , and 40TiO 2 (wt%) which is 120 nm. 

[0032][Valuation method] About the obtained sample, the following evaluation was performed 
supposing the antifouling window material used for the exterior, such as a building. The 
evaluation result was shown in Table 1. Abrasion resistance, acid resistance, and alkali 
resistance were evaluated based on A of JIS R 3221 (heat reflective glass). 
[0033]** Based on the wear-resistant test method of wear-resistant JIS R 3221 statement, 
wear wheel CS-10F and load 500gf estimated the haze value by the Taber's abrasion resistance 
test. Early haze value H Q , haze value H 100 of 100 times after, and the haze value of 200 times 

after is [ H 200 of evaluation ] H 0 <=H 100 <=H 200 , The case where Hays variation **H of the first 

stage and 200 times after (**H=H 20() -H 0 ) was **H<=4% was considered as success (O), and 

H 100 >H 200 or **H>4% of a thing was made into rejection (x). 

[0034]** Based on the acid-proof test method of acid-proof JIS R 3221 statement, it wiped 
away and dried in flannel in the stream after 24-hour immersion to 1 N of chloride kept at 23 ** 
**2 **, and appearance was evaluated. Evaluation considered the case where there was no 
remarkable appearance change as success (O), and when remarkable discoloration or crack 
entered, that in which the film exfoliated was taken as rejection (x). 

[0035]** The alkali resistance test method of alkali-proof JIS R 3221 statement. It wiped away 
and dried in flannel in the stream after 24-hour immersion to the 1-N sodium hydroxide solution 
kept at 23 ** **2 **, and appearance was evaluated. Evaluation considered the case where 
there was no remarkable appearance change as success (O), and when remarkable discoloration 
or crack entered, that in which the film exfoliated was taken as rejection (x). 
[0036]** The degree of separation of stearic acid estimated the photocatalyst activity of the 
capability to disassemble the dirt with which the photocatalyst activity surface was stained. 
Paragon 1000 (FT-IR spectral device made from Perkin-Elmer Co. and Ltd.) is used for a 
valuation method, The peak intensity (absorbance A) resulting from the C-H stretching vibration 

of the stearic acid which appears from 2910-crrf 1 to 2920-crrf 1 , After irradiating with A Q and 

ultraviolet rays for 1 hour at the time of A b before stearic acid spreading, and stearic acid 

spreading, it asks about A^ respectively, Variation of peak intensity: {(A Q -A b ) -(A^A^} x1000 

was computed and it was considered as the degree of separation of stearic acid. (Photocatalyst 
activity becomes high, so that a stearic acid degree of separation is large). 

[0037]The sample was immersed in the 3wt% stearic acid-ethanol solution, and spreading to the 
sample of stearic acid was performed by pulling up in sec in 8 mm /. Ultraviolet ray intensity of 

the sample surface was made the source of ultraviolet rays with 4mW[/cm ] 2 (365 nm) using 
black light floor line15BLB (product made from Toshiba Electrical and electric equipment). 
Evaluation considered the case where the variation of said peak intensity was five or more as 
success, and made less than five the rejection. 

[0038]** Also as for hydrophilic nature being maintained to some extent, the surface by which 
hydrophilization was once carried out in addition to photocatalyst activity was important for 
hydrophilic maintenance nature antifouling property, and the angle of contact over water after 
neglecting it for seven days in the laboratory under the environment below ultraviolet-ray- 
intensity 1 microwatt/cm 2 (365 nm) estimated hydrophilic maintenance nature after sample 
production. The angle of contact theta of seven days after considered theta<=20 degrees as 
success (O), and evaluation showed theta> 20 degrees by rejection (x). 

[0039][Evaluation result] As a result of the method shown above estimating the obtained glass 
with photocatalyst membrane, as it was shown in Table 1, the sample had sufficient high 
durability, having photocatalyst activity, even if it used it for the window material (the film side, 
outdoor side) of a building, when the outdoor exposure of the glass of a substrate was actually 
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carried out as a reference, dirt was attached and condition was evaluated, compared with the 
substrate glass to which a tunic is not attached, it was markedly alike, and has checked that 
there was little dirt. 
[0040] 

[Example 2] It carried out like Example 1 except having made the tunic ingredient ratio into 
40ZrO 2 , 20SiO 2 , and 40TiO 2 (wt%). The sample had such high endurance like [ as a result of 

Table 1 ] that it can be used for the window material (the film side, outdoor side) of a building, 

having photocatalyst activity. 

[0041] 

[Example 3] The tunic ingredient ratio was made into 30ZrO 2 , 40SiO 2 , and 30TiO 2 (wt%), and it 

carried out like Example 1 except thickness having been 150 nm. The sample had such high 
endurance like [ as a result of Table 1 ] that it can be used for the window material (the film 
side, outdoor side) of a building, having photocatalyst activity. 
[0042] 

[Example 4] The tunic ingredient ratio was made into 50ZrO 2 , 20SiO 2 , and 30TiO 2 (wt%), and it 

carried out like Example 1 except thickness having been 1 50 nm. The sample had such high 
endurance like [ as a result of Table 1 ] that it can be used for the window material (the film 
side, outdoor side) of a building, having photocatalyst activity. 
[0043] 

[Example 5] The drug solution which distributed MSH2 (made by Mitsubishi Chemical) and PC- 
101 (made by Titan Kogyo K.K.) with the ball mill to ethanol is used for the source of Si0 2 , and 

the source of a Ti0 2 particle, It carried out like Example 1 except having used Zr(OC 4 H 9 ) 3 CI for 

the source of Zr0 2 . The sample had such high endurance like [ as a result of Table 1 ] that it 

can be used for the window material (the film side, outdoor side) of a building, having 

photocatalyst activity. 

[0044] 

[Example 6] It applied to the substrate using the dip coating method, and it put into FP41 type 
muffle furnace (made by Yamato Scientific Co., Ltd.) set to 450 ** for 40 minutes, heat-treated, 
and carried out like Example 1 except thickness having been 80 nm. The sample had such high 
endurance like [ as a result of Table 1 ] that it can be used for the window material (the film 
side, outdoor side) of a building, having photocatalyst activity, when the outdoor exposure of the 
glass of a substrate was furthermore actually carried out as a reference, dirt was attached and 
condition was evaluated, compared with substrate glass, it was markedly alike, and has checked 
that there was little dirt [0045] 

[Example 7] It applied to the substrate using the dip coating method, and carried out like 
Example 3 except having put into FP41 type muffle furnace (made by Yamato Scientific Co., Ltd.) 
set to 450 ** for 40 minutes, and having heat-treated. The sample had such high endurance like 
[ as a result of Table 1 ] that it can be used for the window material (the film side, outdoor side) 
of a building, having photocatalyst activity, when the outdoor exposure of the glass of a 
substrate was furthermore actually carried out as a reference, dirt was attached and condition 
was evaluated, compared with substrate glass, it was markedly alike, and has checked that there 
was little dirt [0046] 

[Example 8] Zr0 2 , Si0 2 , Use an aluminium nitrate (made by Kishida Chemical Co., Ltd.) for the 

source of aluminum 2 0 3 in addition to Ti0 2 , and a tunic ingredient ratio 30 ZrO 2 , 5aluminum 2 0 3 , 

25Si0 2 , and 40TiO 2 . It carried out like Example 1 except having carried out to (wt%). The sample 

had such high endurance like [ as a result of Table 1 ] that it can be used for the window 
material (the film side, outdoor side) of a building, having photocatalyst activity. 
[0047] 

[Comparative example 1] a tunic drug solution — ST-K01 (Ti0 2 :Si0 2 = — 8:2 weight ratio) It 

carried out like Example 1 using the product made from Ishihara Techno, ethanol (made by 
Kishida Chemical Co., Ltd.), and 1-methoxy-2-propanol (made by Kishida Chemical Co., Ltd.) 
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except having made the tunic ingredient ratio into 20SiO 2 and 80TiO 2 (wt%). Abrasion resistance 

and alkali resistance were not like [ as a result of Table 1 ]. 
[0048] 

[Comparative example 2] a tunic drug solution — ST-K03 (Ti0 2 :Si0 2 = — 5:5 weight ratio) It 

carried out like Example 1 using the product made from Ishihara Techno, ethanol (made by 
Kishida Chemical Co., Ltd.), and 1 -methoxy-2-propanol (made by Kishida Chemical Co., Ltd.) 
except having made the tunic ingredient ratio into 50SiO 2 and 50TiO 2 (wt%). Photocatalyst 

activity was low like [ as a result of Table 1 ], and there was no alkali resistance. 
[0049] 

[Comparative example 3] It carried out like Example 1 except having made the tunic ingredient 
ratio into 10ZrO 2 , 40SiO 2 , and 50TiO 2 (wt%). There was no alkali resistance like [ as a result of 

Table 1 ]. 
[0050] 

[Comparative example 4] It carried out like Example 1 except having made the tunic ingredient 
ratio into 30ZrO 2 , 20SiO 2 , and 50TiO 2 (wt%). There was no abrasion resistance like [ as a result 

of Table 1 ]. 
[0051] 

[Comparative example 5] It carried out like Example 1 except having made the tunic ingredient 
ratio into 10ZrO 2 , 50SiO 2 , and 40TiO 2 (wt%). There was almost no photocatalyst activity like [ as 

a result of Table 1 ]. 
[0052] 

[Comparative example 6] It carried out like Example 1 except having made the tunic ingredient 
ratio into 20ZrO 2 , 40SiO 2 , and 40TiO 2 (wt%). There was almost no photocatalyst activity like [ as 

a result of Table 1 ]. 
[0053] 

[Comparative example 7] It carried out like Example 1 except having made the tunic ingredient 
ratio into 50ZrO 2 , 10SiO 2 , and 40TiO 2 (wt%).There was no abrasion resistance like [ as a result 

of Table 1 ]. 
[0054] 

[Comparative example 8] It carried out like Example 1 except having made the tunic ingredient 
ratio into 10ZrO 2 , 70SiO 2 , and 20TiO 2 (wt%). Photocatalyst activity and hydrophilic maintenance 

nature were not like [ as a result of Table 1 ]. 
[0055] 

[Comparative example 9] It carried out like Example 1 except having made the tunic ingredient 
ratio into 30ZrO 2 , 50SiO 2 , and 20TiO 2 (wt%). Photocatalyst activity and hydrophilic maintenance 

nature were not like [ as a result of Table 1 ]. 
[0056] 

[Comparative example 10] In the source of Si0 2 of a tunic drug solution, GSG-DI-0600 (made by 

Chisso Corp.), the source of a Ti0 2 particle, and the source of Si0 2 — ST-K01 (Ti0 2 :Si0 2 = — 

8:2 weight ratio) The product made from Ishihara Techno, the ethanol drug solution of Ti(OC 3 H 7 ) 

4 further stabilized by the acetylacetone of equimolar in the source of Ti0 2 , Ethanol (made by 

Kishida Chemical Co., Ltd.) and 1~~methoxy-2--propanol (made by Kishida Chemical Co., Ltd.) are 
used for a solvent, It carried out like Example 1 except having made the tunic ingredient ratio 
into [a part for 30TiO 2 TiO 2 from the source of Ti(OC 3 H 7 ) 4 I 30SiO 2 , and 40TiO 2 [part for Ti0 2 

from ST-K01] (wt%). There was no alkali resistance like [ as a result of Table 1 ]. 

[0057] 

[Table 1] 
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[0058] 

[Effect of the Invention]For as mentioned above, the purpose [ according to the substrate with 
high durability photocatalyst membrane and manufacturing method of this invention ] by 
hydrophilic nature, such as improvement in visibility, and antifouling. A substrate with endurance 
sufficient also by the operating environment which requires endurance which uses photocatalyst 
membrane for the outdoor side, such as a window material of a building, a window material for 
vehicles, an exterior tile, and a face panel, hydrophilic nature, antifouling property by a 
photocatalyst, etc. can be provided. The substrate with photocatalyst membrane provided with 
endurance also with high use of those other than outdoor usage can be provided. 



[Translation done.] 
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